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THE NEED
Effective methods are needed to treat dense solvents (e.g.,
TCE, PCE, 1,1,1-TCA, methylene chloride, etc.) which accu-
mulate in aquifers as pools of solvent or immobile residual.
These can slowly diffuse into the groundwater, creating long-
term sources of contamination.  This is particularly important
to the Air Force, as dense solvents are present at more than
one third of Air Force contaminated sites. Currently, there are
no acceptable, cost-effective methods for removing or treat-
ing the bulk solvent material. Efforts to remove solvents by
groundwater extraction are modestly effective at remediating
the contaminant plume but would take decades to remove
significant portions of the contaminant source.

THE OBJECTIVES
This field effort demonstrated six-phase soil heating (SPSH)
technology with the potential for cleaning up dense, nonaque-
ous phase liquids (DNAPLs) from contaminated aquifers.
This technology treats DNAPL source zones and avoids the
long-term costs associated with pump-and-treat containment
of contaminated groundwater.

THE TECHNOLOGY
SPSH uses common power line frequency (60 Hz) to heat
soils and groundwater.  Electrodes are installed in the region
to be treated and a voltage is applied (See Fig. 1).  En-
hancement occurs by heating and holding the subsurface
temperature at the boiling point of soil moisture while continu-
ously removing volatilized contaminants through venting.
SPSH also creates an in situ source of steam to strip con-
taminants from soils and groundwater.  The process results in
accelerated and more complete removal of target contami-
nants from soil, as compared to conventional soil vapor ex-
traction.

Because the mode of heating is electrical conduction
through soil moisture, SPSH tends to heat the entire treat-
ment region, including low-permeability soil lenses where
DNAPLs may reside. By comparison, injected air or steam
tends to rise rapidly or follow higher permeable pathways,
leaving many regions relatively untreated.

FIELD DEMONSTRATIONS
This project investigated the potential of SPSH to remove
contaminants from the saturated zone.  Battelle Memorial In-
stitute demonstrated SPSH on a saturated, clean site at the
Dover National Test Site (DNTS), National Environmental
Technology Test Site (NETTS), Dover Air Force Base (AFB),
Delaware, in January 1997. The DNTS is a major technology
test bed of the Strategic Environmental Research and Devel-
opment Program (SERDP)/ NETTS.  Two tracer compounds

with physical properties similar to common Air Force con-
taminants (i.e., TCE and PCE) were injected into the ground-
water. Groundwater, soil vapor, and off-gas samples were
collected and analyzed to demonstrate control and collection
of contaminants.  During normal heating operations, subsur-
face thermocouples closely monitored the progress of soil
heating.  Phase voltages were controlled to ensure uniform
heating across the treatment zone.

The two-month field demonstration proved that it was both
feasible and cost-effective to operate SPSH systems under
saturated conditions.  SPSH was later used for hot-spot
treatment of a saturated TCE-contaminated site at Ft
Richardson, Arkansas, with a contaminant removal efficiency
of approximately 95 percent.

THE PLAYERS
Maj Paul Devane is the program manager for this effort for
the US Air Force Research Laboratory, Materials and Manu-
facturing Directorate, Airbase and Environmental Technology
Division (AFRL/MLQ). The technology was developed by
Battelle Pacific Northwest National Laboratory under the
leadership of Ms. Theresa Bergsman.  SPSH has been com-
mercialized by Current Environmental Solutions, LLC, Rich-
land, Washington.

Local Electrical
      Service

Fuel Truck Instrumentation &
Control Center

Fig 1. Six-Phase Soil Heating

Off-gas
 SystemVoltage Cont. Sys.

 & Transformers

Electrodes

  Alternate
  Power Supply

A Feasibility Study for Vaporizing Contaminants in the Saturated Zone

Resistive Heating for DNAPL Removal

POINTS OF CONTACT
Maj Paul Devane Ph: (850) 283-6288
AFRL/MLQE Fax: (850) 283-6064
139 Barnes Drive, Suite 2           DSN: 523-6288
Tyndall AFB, FL 32403-5323
paul.devane@mlq.afrl.af.mil

Theresa M. Bergsman Ph: (509) 376-3638
Battelle Pacific Northwest Laboratory


